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In spite of the consistently high levelg of antimalarial
activity noted for phenanthrene amino alcohols,! the iso-
meric anthracene amino alcohols have been virtually ig-
nored. The combination of negative biological data and
synthetic difficulties afforded little incentive to conduct
more than a cursory examination of this class of materi-
als.2 It was not until 1968 that the first example of an au-
thentic “2 carbon” anthracene amino alcohol was de-
scribed.® Subsequent evaluation noted that the 9-anthra-
cene amino alcohols* prepared.by Duncan were at least as
active against Plasmodium berghe! infected mice as the
analogous 9-phenanthrene amino alcohols.t More recently
Huffman5 reported the synthesis of 10-chloro- and 10-
bromo-9-anthracene amino alcohols, with the chlorine ex-
erting the most favorable effect on antimalarial activity.
Synthetic difficulties in this ring system apparently
thwarted attempts to expand on their observation.

We describe herein our studies of anthracene amino al-
cohols aimed at a further delineation of activity depen-
dence upon ring positions for (a) the basic amino alcchol
side chain and (b) the pharmacophoric chlorine(s). These
studies have been restricted to the ‘2 carbon” amino alco-
hol side chain terminating in either C4 or C; hydrocarbon
fragments because these structural features appear to be
preferred in the highly active phenanthrene amino alco-
hols.8

Chemistry. The Duncan® technique (sequence 1) for
the introduction of the “2 carbon” amino alcohol side
chain into aromatics offers obvious synthetic advantages
over the more classical procedures. However, difficulties
encountered in preparing the unknown chloro-substituted
1- and 2-anthraldehydes impeded its use for obtaining 1-
and 2-anthracene amino alcohols. The synthesis of these
isomers was realized via one of the routes which starts
with acid chloride (sequence 2).

OH
M gcﬂ O R'.NH
RCHO —=>%, R—/4N X%, RCHCHNR, (1)
TNaBH‘ Tl\'aBHA
RCOCL ﬂg—» RCOCH,Br % RCOCHNR, (2

With the exception of 3-chloro-1-anthraquinonecarboxy-
lic acid all the intermediate 1- and 2-anthraquinonecar-
boxylic acids employed in this study were obtained by the
procedures detailed in the literature. The direct oxidation
of 3-chloro-1-methylanthraquinone with 55% HNO;s; at
200° was found to be a more efficient route to this carbox-

+9-[1-Hydroxy-2-(di-n-heptylamino)ethyljphenanthrene increased the
survival time of the parasitized mice to 9.4 days at 160 mg/kg, 10.4 days
at 320 mg/kg, and three curves at 640 mg/kg. Data supplied by R. E.
Strube of WRAIR.
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ylic acid than the involved scheme used by Kaimatsu.?
Oxidation of this methyl group with various chromium or
manganese oxidants was ineffectual. The classical Zn-
NH,OH reduction of anthraquinones to anthracenes con-
verted the parent and substituted 1- and 2-anthraquin-
onecarboxylic acids to the corresponding anthroic acids. It
is noteworthy that the integrity of the 4- and 8-position
chlorine atoms was maintained during the Zn-NH4OH re-
duction of 4,8-dichloro-1-anthraquinonecarboxylic acid.
This reductive method is reported to result in the expul-
sion of chlorine from 4-chloro-1-anthraquinonecarboxylic
acid.8

Standard techniques for the transformation of the car-
boxylic acid group to the a-bromomethyl keto function
were applicable to the 1- and 2-anthroic acids. Conversion
of the bromomethyl ketones to the amino alcohol function
was realized through the intermediacy of anthracenyloxir-
anes and a subsequent ring opening with the appropriate
amine, or via nucleophilic displacement of bromine by
amine, followed by reduction of the resulting «-amino-
methyl ketone. This latter sequence has been described as
problematic with anthracenes{ and other aryl systems,®
because of instability of the a-aminomethyl aryl ketones.
However, we have found it to be a perfectly viable route
to “2 carbon” 1- and 2-anthracene amino alcohols. The
amino alcohols prepared for this work are given in Table
1.

Application of reaction sequence 2 to the preparation of
9-anthracene amino alcohol was precluded by the failure
of 4,5- or 1,8-dichloro-9-anthroyl chloride to yield the a-
bromomethyl ketone via the diazomethane route. How-
ever, two 9-anthracene amino alcohols, 11 and 12, were
obtained via reaction sequence 1. Synthesis of the requi-
site 4,5-dichloro-9-anthraldehyde was realized with the re-
agent Grossl® described for the preparation of the parent
9-anthraldehyde.

CHO
Q00 == Q00
———e—
AlC,
Cl Cl Cl Cl

This reagent also formylated 1,5-dichloroanthracene in
the 9 position. However, all attempts to convert 1,5-di-
chloro-9-anthraldehyde to the corresponding anthracen-
yloxirane with various “methylene’ transfer reagents were
unrewarding. Huffman® similarly noted an inhibition of
the methylene transfer reaction with certain halogenated
9-anthraldehydes.

Biological Evaluation. All the anthracene amino alco-
hols listed in Table I, except 7, were found to be active
against P. berghei infected mice in the standard Ranell
activity screen. Compound 12 was the most active materi-
al tested, effecting four cures per five test animals at a
dosage of 80 mg/kg.

It appears that the structure-activity parameters known
to be operative in carbocyclic amino alcohols such as phen-
anthrenes?-¢ and naphthalenes?:6 are also significant to
the activity of anthracene amino alcohols against P. ber-
ghei. For example, the levels of activity generally increase
with the length of the terminal hydrocarbon fragment and
chlorine(s) exerts prominent pharmacophoric effects on
the anthracene amino alcohol activity. The lower activity
level of the 2-anthracene amino alcohol 4 (compare 4 with

1 9-(w-Bromoacetyl)anthracene is reported not to react with secondary
amines. See ref 2d.
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Table I
CH(OH)CH,NR,-H(l
Cl
Ring position
Side Antimalarial act., AST, days?

No.s Re Cl chain Method® Mp, °C 40 80 160 320 640
1 Cs 1 A 167-167.5 0.3 0.3 0.3 2.1 6.4A
2 Cr 1 A 120.5-121 5.5 7.7A 10.3A 2C 3C
3 C, 2 A (B) 123-124 0.3 0.3 0.5 3.9 10.7A
4 C 2 A 120.5-121 0.3 1.7 3.9 8.1A 13.7A
5 C, 3 1 A 199-200 4.1 6.9A 10.7 1C 2C
6 Cy 3 1 A 153-154 6.9A 7.5A 1C 2C
7 Cs 8 1 B 202-204 0.5 2.7 5.9
8 Cy 8 1 B 135-136.5 0.3 4.9 7.9A
9 Cy 4,8 1 B 238-241 4.1 11.3A 2C 5C 5C

10 Cs 4,8 1 B 184-187 4.1 7.7A 3C 5C 5C

11 C, 4,5 9 C 221-223 10.3A 11.1A 13.3A 1C 2C

12 C 4,5 9 C 155-156.5 8.1A 4C 5C 5C 5C

13- Cs 9 1.5 2.3 9.3A 12.1A 13.7A

14- C, 9 6.6A 6.8A 8.6A 2C 4C

*Recrystallization from benzene-heptane gave compounds 1-12 analyzing for C, H, and Clwithin +=0.4% of the theoretical
values. *C, and C; are straight-chain hydrocarbon moieties. “Synthetic methods are detailed in the Experimental Section.
?Mice were treated 3 days postinfection sc with a single dose of the compound being screened. The change in survival time
(AST) is an indication of activity against P. berghei. AST values > 6.0 days are classified as active (A). Survival of >60 days are
considered as cures (C). Testing was performed by Dr. L. Rane and coworkers, Malaria Screen Laboratory, University of

Miami, Fla. “Test data presented by R. E. Strube.*

Table I1
R
Cl
Ring N
position CO,H* COCH,Br VAN N
Cl R Mp, °C Analyses® Mp, °C Analyses® Mp, °C Analyses®
1 248-2494.¢ 634 C,H 101-101.5 C,H
2 285¢ 153-153.5 C,H 204.5-206.5 C,H
3 1 275-276 C, H, Cl 121-122 C,H 96-97 C; H/
8 1 267-268¢ 147-149 C,H
4,8 1 291* C, H, Cl 145.5-146 C,H
4,5 9 151-152 C,H

«Recrystallized from HOAc. 'Recrystallized from heptane. ‘See footnote a in Table I. 4Recrystallized from MeOH. <C.
Graebe and S. Blumenfeld, Ber., 30, 1115 (1912). /H: calcd, 4.35; found, 4.79. ¢Reference 12. "Recrystallized from EtOH-H,0.

2 and 14) is consonant with the effect of side-chain posi-
tion on activity in naphthalenes; i.e., 1l-naphthalene
amino alcohols are more active than comparable 2 iso-
mers.

Experimental Section

Anthracene Amino Alcohols. The compounds listed in Table 1
were prepared by one of the following methods. Where the syn-
thetic schemes require anthroic acids they were prepared by a
Zn-NH4OH reduction of the appropriate anthraquinonecarboxyl-
ic acids as detailed by Golden.1? The anthroic acids and other in-
termediates used in the various methods are listed in Table II.

Method A. 2-Anthroyl chloride in THF solvent was converted
to the corresponding a-bromomethyl ketone in 76% yield via a
standard CH:N,-HBr procedure. To a solution of 0.5 mol of
NaBH, in 45 ml of EtOH was added 3.1 g of 2-(w-bromeacetyl)-
anthracene in 40 ml of THF. After 15 min at 20-25°, 2.07 g of
NaOH in 5.2 ml of HoO was added. The reaction was stirred for 1
hr and poured into a large volume of H2O, and the precipitated
2-anthracenyloxirane was filtered and recrystallized. The oxirane
(0.0104 mol) and a 9 molar excess of di-n-heptylamine in 13 ml of
dry DMF were heated at 100-105° for 16 hr. Removal of DMF and
excess amine, under reduced pressure, left a viscous residue
which was dissolved in Et,O and treated with gaseous HCl. The
precipitated product was filtered and recrystallized.

Method B. To a solution of 2 g of 1-(w-bromoacetyl)-4,8-dichlo-
roanthracene in 25 ml of THF was added 2.9 g of di-n-heptyl-
amine in 5 ml of THF at ambient temperature. After 1 hr the THF
was evaporated; the residue was triturated with pentane and fil-
tered. The pentane residue was dissolved in EtOH-THF and
reacted with 0.42 g of NaBH4 for 1.5 hr. Concentration of the
reaction mixture, dilution with HoO, extraction with Et;O. and
acidification with gaseous HC! yielded the anthracene amino al-
cohol hydrochloride salt.

Method C. Preparation of 9-(4,5-dichloroanthracenyl)oxirane
from the corresponding anthraldehyde was realized by the proce-
dure detailed by Duncan.? Conversion of the oxirane to the amino
alcohol followed method A.

3-Chloro-1-anthraquinonecarboxylic Acid. A mixture of 4 g of
3-chloro-1-methylanthraquinone? and 6 ml of 55% HNO; was
heated in a glass autoclave at 200-210° for 6 hr. The cooled reac-
tion mixture was diluted with HyO, filtered, and H2O washed.
Extraction of the filter cake with hot, dilute NH,OH, acidification,
and recrystallization from HOAc gave yellow crystals, mp 282-
285° (lit.7 286-287°).

4,5-Dichloro-9-anthraldehyde. To a solution of 26.4 g of 1,8-di-
chloroanthracene and 26.6 g of AlClz in 750 ml of CH2Cly was
added 14.4 g of «,a-dichloromethyl methyl ether in 10 ml of
CH2Cl;. After 1 hr at ambient temperature, the reaction was
poured into cold dilute HCl, extracted with PhH, and chromato-
graphed through silica gel. Benzene eluate contained unreacted
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1,8-dichloroanthracene. The 9-anthraldehyde was eluted from the
column with THF: yield 9 g mp 224-226° (THF). Anal
(C15HsCl20) C, H.

1,5-Dichloro-9-anthraldehyde. Formylation of 34.4 g of 1,5-
dichloroanthracene with 20.2 g of «,x-dichloromethyl methyl
ether as detailed in the preceding preparation yielded 3 g of the
titled compound, mp 188-190° (PhH-heptane). Anal.
(C15HgCl20) C, H, Cl.
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The antihypertensive activity of a-methyldopa (1) has
prompted numerous workers to incorporate the salient
features of this molecule into a rigid framework. Taylor,
et al,! prepared an indan derivative 2 and its dimethyl
ether, both of which were inactive in an in vivo screen for
hypotensive activity. The compounds were likewise inac-
tive in in vitro screens against Dopa decarboxylase, and it
was concluded that the rigidity and symmetry incorporat-
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ed into this molecule (compared to a-methyldopa) was
the possible cause of the biological inactivity. Rastogi, et
al.,? prepared an analogous tetralin amino acid 3 and
found no hypotensive effect and no in vitro inhibition of
Dopa decarboxylase. Neither the Taylor nor the Rastogi
group described the Dopa decarboxylase inhibition test
which was employed.

COOH
HO NH, HO NH,
1 2
HO

OO
HO

NH,
3

The dramatically high order and wide spectrum of bio-
logical effects produced by 2-dimethylamino-5,6-dihydrox-
ytetralin (4),%4 as compared with the 6,7-dihydroxy sys-
tem 5,t suggested that molecular rigidity per se might not
be the critical parameter for biological effect but that the
arrangement of the OH functions on the aromatic ring is
critical.

HO
HO
NR
|
Rl
4, R=R" =Me
9, R=R'=H
m HO COOH
HO ITCHB
NH
CH, 2
5 6
HO HO
HO p HO
COOH NH,
NH,
7 8

It was speculated that the OH group disposition in 2
and 3 might be detrimental to maximal «-methyldopa-
like effects, and accordingly the indan and tetralin sys-
tems 6 and 7 were selected for preparation and biological
study. These systems are, like 2 and 3, rigid analogs of «-
methyldopa, but they represent different frozen rotamers
of it. Attention was limited in the present work to in vitro
effects of the amino acids on Dopa decarboxylase.

Compounds 6 and 7 were prepared from the correspond-
ing ketones by literature modifications of the Strecker
reaction. Preparation of the amines 8 and 9 (which are
decarboxylation products of 6 and 7) has been described
in prior communications;3-3 however, in the present work,
the dimethyl ether of 9 was synthesized from the appro-
priate S-tetralone by conversion to its O-methyl oxime
and reduction of this with diborane. Overall, this se-
quence represents a marked improvement over the litera-
ture one. Spectral (ir and nmr) data on all compounds

+J. P. Long, University of lowa, unpublished data.



